ABSTRACT The sizes and relative map positions ofRNA molecules encoded by the plasmid DNA of several octopine-type tobacco crown gall tumors were determined by blot hybridization. At least six discrete polyadenylylated RNAs (sizes, 0.73-1.75 kilobases) were detected in octopine-producing tumors (lines A6S/ 2, E9, and 15955/01). In one tumor (line 15955/1) in which octopine could not be detected, one of the RNA species was missing and another was diminished in abundance. Evidence is presented suggesting that the transcripts are encoded entirely by the plasmid DNA and do not originate from the surrounding plant DNA sequences. Crown gall is a neoplastic disease ofdicotyledonous plants. Tumors result from the transfer of a small region of DNA from a plasmid harbored by the causative bacterium, Agrobacterium tumefaciens, to the plant cell (1). The region, designated T-DNA, ofthe tumor-inducing plasmid (Ti-plasmid) that becomes covalently incorporated into plant nuclear DNA (2-6) usually includes genes involved with the biosynthesis of unusual compounds, including octopine, nopaline, agropine, and agrocinopine (7-11). These substances, which are not made by normal, nontransformed plants, can be utilized by the causative bacterium as a source of carbon or nitrogen. The organization of the "core DNA" as well as the surrounding regions of T-DNA have been described for several crown gall tumors, including those producing either octopine or nopaline (2, 6). Several regions of the T-DNA are complementary to RNA isolated from crown gall tumor tissues (12) (13) (14) (15) (vol/vol) formalde-hyde. The solution was incubated at 68°C for 5 min and then cooled with ice. After the addition of4 ,ul of50% (vol/vol) glycerol and 0.05% bromphenol blue, the RNA was subjected to electrophoresis at 6 V/cm on a 1.5% (wt/vol) agarose gel containing 20 mM Hepes at pH 7.5, 1 mM Na2EDTA, and 6% (vol/ vol) formaldehyde. The running buffer was 20 mM Hepes, pH 7.5/1 mM Na2EDTA. Alternatively, the RNA was denatured with glyoxal and subjected to electrophoresis according to McMaster and Carmichael (18). Yeast (19) and Escherichia coli (20) rRNAs, cowpea chlorotic mottle virus (21) RNAs, and A phage HindIII fragments were used as molecular weight standards. The RNA was transferred to nitrocellulose according to Thomnas (22).
Crown gall is a neoplastic disease ofdicotyledonous plants. Tumors result from the transfer of a small region of DNA from a plasmid harbored by the causative bacterium, Agrobacterium tumefaciens, to the plant cell (1) . The region, designated T-DNA, ofthe tumor-inducing plasmid (Ti-plasmid) that becomes covalently incorporated into plant nuclear DNA (2-6) usually includes genes involved with the biosynthesis of unusual compounds, including octopine, nopaline, agropine, and agrocinopine (7) (8) (9) (10) (11) . These substances, which are not made by normal, nontransformed plants, can be utilized by the causative bacterium as a source of carbon or nitrogen. The organization of the "core DNA" as well as the surrounding regions of T-DNA have been described for several crown gall tumors, including those producing either octopine or nopaline (2, 6) . Several regions of the T-DNA are complementary to RNA isolated from crown gall tumor tissues (12) (13) (14) (15) .
We present here a detailed analysis of the transcriptional pattern of several crown gall tumors induced by octopine-type Ti-plasmids. The sizes, approximate map positions, and relative abundance of the polyadenylylated RNA species have been determined by a modification of the reverse Southern blotting procedure. The 20 Al of20 mM Hepes, pH 7.8/1 mM Na2EDTA/ 50% (vol/vol) deionized formamide/6% (vol/vol) formaldehyde. The solution was incubated at 68°C for 5 min and then cooled with ice. After the addition of4 ,ul of50% (vol/vol) glycerol and 0.05% bromphenol blue, the RNA was subjected to electrophoresis at 6 V/cm on a 1.5% (wt/vol) agarose gel containing 20 mM Hepes at pH 7.5, 1 mM Na2EDTA, and 6% (vol/ vol) formaldehyde. The running buffer was 20 mM Hepes, pH 7.5/1 mM Na2EDTA. Alternatively, the RNA was denatured with glyoxal and subjected to electrophoresis according to McMaster and Carmichael (18) . Yeast (19) and Escherichia coli (20) rRNAs, cowpea chlorotic mottle virus (21) RNAs, and A phage HindIII fragments were used as molecular weight standards. The RNA was transferred to nitrocellulose according to Thomnas (22) .
Other Nucleic Acid Manipulations. Subfragments ofT-DNA recombinant clones were recloned according to standard procedures (23) . Recombinant plasmid isolation, restriction endonuclease digestions, and nick-translation of DNA were as described by Thomashow et al. (2) . DNA (0.1-0.25 ,ug) was nick-translated to a specific activity of 10- Hybridizations to RNA blots were as described by Thomas (22) except that the final washes were at 650C in 0.15 M NaCl/ 0.015 M sodium citrate, pH 7.0, containing 0.1% NaDodSO4. DNA fragments were isolated from agarose gels by blotting onto DEAE paper (24) .
Recombinant DNA experiments were conducted under P1 containment conditions as specified by the National Institutes of Health guidelines.
RESULTS
Characterization ofT-DNA-Encoded RNA Species from the A6S/2 Crown Gall Tumor. The T-DNA in the octopine-producing tobacco crown gall tumor A6S/2 is composed of the Tiplasmid sequence extending from HindIII fragment Y into EcoRI fragment 24 ( Fig. 1) (Fig. 4) .
Analysis of RNA from Other Crown Gall Tumor Tissues.
The transcription pattern of several octopine-type gall tumor lines was compared. These tumor lines are described in Table  1 and their T-DNA organization is shown in Fig. 1 (Fig. 4A, lane 3 ). An additional transcript of 1.45 kb was detected in the 15955/01 tumor line (Fig. 4A, lane 6) .
The T-DNA organization of the Bam fragments 8 and 29 regions seemed to be the same in each tumor line investigated, but a more detailed map is required to detect possible fine differences.
With Bam fragment 19 as a probe, three transcripts were detected in each of the octopine-producing tissues A6S/2, El, and 15955/01. These were 1.45, 1.25, and 0.92 kb in length (Fig. 4B) . Differences occurred in the relative intensity of the 1.45-and 0.92-kb transcripts, however (Fig. 4B, lanes 2 and 5) . The tumor line 15955/1, which does not produce octopine although incited by an octopine Ti-plasmid, lacked the 1.45-kb transcript and showed a considerably lower intensity ofthe 1.25-kb transcript (Fig. 4B, lane 3) (2) . The restriction endonuclease map of the T-DNA of a typical octopine-type Ti-plasmid is shown above. Solid bars, T-DNA found in each of the crown gall tumor lines examined; stippled areas, regions in which the T-DNA is linked to plant DNA. kbp, Kilobase pairs. The nontumorous tobacco callus White Burley (Sterile Root) (Fig. 4, lane 1) and Xanthi (Sterile Leaf) (data not shown) did not contain polyadenylylated RNA homologous to T-DNA detectable by these procedures.
Are T-DNA Transcripts Synthesized Entirely from T-DNA? To determine whether T-DNA transcripts are encoded entirely by the T-DNA or whether they are initiated or terminated within the surrounding plant DNA, we utilized, as hybridization probes, genomic clones of plant DNA attached to the T-DNA isolated from the A6S/2 tumor line (3). A probe containing part of HindIII fragment Y and the linked plant DNA hybridized to the same three RNA species as did the isolated HindIII fragment Y from the Ti-plasmid (Fig. 2, probe 2) . None of the other T-DNA encoded transcripts was detected, however, suggesting that this region of plant DNA did not code for leader regions of these RNAs that were subsequently spliced onto the mature transcripts.
When a subclone (containing plant DNA) ofa genomic clone containing the right-hand junction of T-DNA and plant DNA from the A6S/2 tumor was used as a probe, the results were less definitive. This probe hybridized to two discrete RNAs, 1.8 and 2.2 kb in length. In addition, the probe hybridized to a "smear" of RNA molecules ranging in sizes from approximately 1 to 4 kb (Fig. 2, probe 16) . No discrete transcripts the size of any of the A6S/2 RNAs encoded by T-DNA could be detected. It has previously been shown that this genomic junction clone contains plant reiterated DNA (3) , and it therefore is likely that the large number of nondiscrete transcripts detected by this probe result from the multiple RNA species encoded by this reiterated sequence of plant DNA. The lack of detection of any discrete mRNAs corresponding to the T-DNA transcripts by this plant DNA probe suggests, however, that this region of plant DNA does not code for any of these RNAs.
DISCUSSION
Crown gall disease is unique in that the transfer of a portion of the Ti-plasmid from A. tumefaciens to a plant cell is the only known instance of a prokaryotic DNA molecule being transferred to eukaryote. In the plant cell, the T-DNA both integrates into and replicates with the host DNA and is transcribed into polyribosomal mRNA. General features ofthe transcription of the T-DNA in crown gall tumors have been elucidated previously by others (12) (13) (14) (15) . These studies did not determine the discrete sizes of the RNAs or whether they extended into the surrounding plant DNA. In this report we describe the map positions, sizes, and relative abundance of various RNAs transcribed from the T-DNA in several octopine-type crown gall tumors. The data also suggest that the T-DNA-encoded transcripts do not originate or terminate in the surrounding plant DNA sequences.
We have detected at least six discrete RNA species transcribed from the T-DNA which are common to the three octopine-producing crown gall tumors examined. The combined lengths ofthese mature RNAs correspond to approximately 50% of the length of the T-DNA in the A6S/2 tumor. It is possible that RNA is transcribed from other regions of the T-DNA but that the steady-state level of these transcripts is too low to be detected. In addition to these six RNAs, we have noted other minor transcripts in some of the tumors. We do not currently know whether these are precursors to the six species or are unique molecules transcribed from specific regions of the T-DNA. Many of these additional transcripts are derived from tumors containing complicated rearrangements in the T-DNA and may be the result of new transcription start and stop signals generated by these rearrangements.
One of the transcripts, a 1.45-kb message mapping near the right-hand border ofthe T-DNA in the A6S/2 tumor, is missing from the 15955/1 tumor. The 15955/1 line contains a small deletion of DNA in this region (2) and does not produce octopine. All the octopine-producing tumors examined contain this RNA, and it is therefore likely that this message codes for some function involved with octopine production. The enzyme octopine synthase, which catalyzes the conversion ofarginine and pyruvate to octopine, has been isolated from several crown gall tumors (25) . The enzyme has a subunit molecular weight of 38,000. The 1.45-kb RNA has the coding capacity to be translated into this protein, but sequence analysis ofthe message and protein will be necessary to show conclusively that this transcript codes for the enzyme.
Mutations in the T-DNA have recently been generated by the insertion of transposons into the Ti-plasmid (refs. 26-28; unpublished data). Bacteria containing certain of these mutagenized Ti-plasmids incite tumors displaying aberrant structure (26, 27) . One of these insertions maps within Hpa I fragment 13 (region 8 and parts of regions 7 and 9 shown in Fig. 3 ). Another maps very close to the Pst I site separating regions 8 and 9 (see Fig. 3 ). This latter mutation therefore maps either within or very close to the end of the 1.25-kb mRNA, suggesting that this transcript codes for some function that determines tumor shape.
The data presented above suggest that few, if any, T-DNA transcripts are initiated within the adjacent plant DNA. It is possible that a rare precursor RNA molecule has not been detected, even though we have examined total cellular as well as polyribosomal polyadenylylated RNA, or that a leader sequence from plant DNA beyond the cloned junction region exists. We do not have evidence to support this possiblity. Presumably, these polyadenylylated polyribosomal RNA species are mature I l f mRNAs and encode specific proteins. It is possible, however, that some of these RNAs may be derived from ribonucleoprotein complexes which could also be precipitated by magnesium.
The major RNA species derived from four independently incited tumor lines, by using three closely relatedTi-plasmids and two different cultivars of tobacco, are identical. Restriction endonuclease analysis of the DNA of three of these tumors indicates that the T-DNA is integrated into different sites of the plant genome (2). Furthermore, the major T-DNA-encoded RNA species detected in Jerusalem artichoke slices infected by Ti-plasmid pTiA6 are identical to those found in the A6S/2 tobacco crown gall tumor (unpublished data). The observation that similar Ti-plasmids give rise to the same mRNAs, even when integrated into different sites in unrelated plants, strongly suggests that the transcription of the T-DNA in the tumors is independent of the surrounding plant DNA sequences. Thus, the transcription of this region of DNA which normally resides on a prokaryotic plasmid is quite specific in eukaryotic plant cell, and it is likely that this prokaryotic DNA molecule carries into the plant all' the regulatory signals necessary for correct transcription by a eukaryotic RNA polymerase.
